 cps, respectively. No irritation or lesions (erythma, redness and ulceration) 
INTRODUCTION
The physicochemical, pharmacokinetic, and pharmacodynamic properties of flurbiprofen make it a worthy candidate for transdermal drug delivery [1, 2] . It has a molecular weight of 244.26 Daltons and value of log P (octanol/water, pH 7.4) is 3.80. It is mainly metabolized in the liver, which attracts its suitability for percutaneous delivery [3] [4] [5] .
Extensive research studies are being carried out to explore various approaches for promoting drug delivery across skin. Some of these approaches involve the incorporation of drug into microcapsules, nanocapsules, niosomes, liposomes, emulsion-based systems, and use of different vehicle-chemical enhancer combinations (6) (7) (8) . Chemical enhancers are substances which temporarily reduce skin barrier features leading to increased drug absorption [6] . Some examples of these enhancers are essential oils, terpenes, and fatty acids. Many in vitro studies have suggested that propylene glycol (PG) and polyethylene glycol (PEG) are capable of easily penetrating across the skin elaborating their role as skin penetration enhancers [9] [10] [11] .
The objective of this study was to investigate the permeation and drug release kinetics flurbiprofen gels using silicone membrane in modified Franz diffusion cells with the aid of surface response methodology.
EXPERIMENTAL Materials
Flurbiprofen (99.9 % purity) was purchased from Merck, Germany. All other chemicals including carbopol 934, benzyl alcohol, propylene glycol (PG), polyethylene glycol (PEG 1000), triethanolamine, ethylene glycol, peppermint oil, and methanol, used were of analytical grade and were also purchased from Merck, Germany through a local source, Adamjee and Sons, Rawalpindi, Pakistan.
Preparation of hydro-alcohol flurbiprofen gels
Dilution solution was prepared by mixing methanol and water in ratio of 2:1. Hydroalcoholic gels (20 g of each formulation) of flurbiprofen having various concentrations of permeation enhancers i.e. PG and PEG were prepared as per the composition in Table 1 . In the preparation of flubiprofen gels, 10 mL of diluting solution was taken in conical flask, then 400 mg flurbiprofen was dissolved in it and PEG was added with continuous stirring using a magnetic stirrer till complete dissolution. PG was taken in another conical flask, and then 500 mg carbopol-934 was added into it. Magnetic stirring was continued till carbopol dissolved, and then triethanolamine was added to neutralize carbopol-934. Then drug solution (first solution) was added to second solution containing homogenized preparation of carbapol 934, PG and triethanolamine under continuous magnetic stirring followed by the addition of benzyl alcohol and ethylene glycol. Finally, peppermint oil was added for fragrance and the formulations were stored in collapsible tubes for further use. The formulation design is given in Table 2 . 
Flurbiprofen assay
The calibration curve for flurbiprofen was also constructed in a concentration range of 10 -100 µg/ml. The regression equation for calibration curve was Y= 0.0058x + 0.3133 with regression coefficient (R 2 ) = 0.9979, where Y = absorbance at 247 nm, a = slope, b = intercept, and X = concentration (µg/mL) of flurbiprofen.
In vitro diffusion studies through silicon membrane
Franz-type diffusion cells were used for the diffusion studies across silicone membrane with a diffusional area of ~0.788 cm 2 and receptor phase volume of ~5 mL [9] . Silicone membrane was cut to appropriate sizes in round-shape and soaked overnight in the receptor solution [mixture of methanol and water; (2:1 v/v)].
The membrane was then placed in between the two compartments, donor and receptor, of the diffusion cells. Before placing the membrane, vacuum grease (Noravan Diagnostics, Belgium) was applied on the inner surfaces (collar) of the two compartments to produce a leak-proof seal system. Furthermore, the two compartments were clamped after placing donor over receptor compartment. Receptor fluid was filled in the receptor compartment through cell arm and was degassed in an ultrasonic bath to remove air bubbles and prevent the build-up of air pockets in the receptor phase. For uniform mixing of the receptor phase, magnetic stirring bar was placed in the receptor compartment. Then opening of cell arm of receptor and circumference of the donor was covered with a parafilm to prevent evaporation. The diffusion cells were placed on a stirring bed immersed in a water bath at 37 ± 1 °C to maintain a temperature at the membrane surface. After 1 h, the receptor phase was completely removed and refilled with pre-thermo stated receptor fluid. The donor compartment was charged with 1 mL of the test solution (flurbiprofen gel). 0.2 mL of sample from receptor solution was drawn using micropipette at definite time intervals of 15, 30, 45, 60, 90, 120 and 180 min. After each withdrawal of sample, 0.2 ml of pre-thermostated receptor fluid was added to receptor compartment to maintain sink condition. The samples were analyzed spectrophotometrically at 247 nm [1] to obtain the amount permeated through silicon membrane. Experiments were conducted in triplicate.
In vitro diffusion studies through rat skin
Diffusion studies of the flurbiprofen gels across rat skin were carried out using two chambered modified Franz-type diffusion cells having a [9] . Abdominal skin of rat was carefully excised after sacrificing the rat. Subcutaneous fats and other extraneous tissues adhering to the dermis were completely removed and trimmed off with forceps and scissor. The skin was cleaned with PBS (pH 7.4) and stored in 500 ml normal saline in refrigerator (-20 °C), the skin was then used within one week [9] . Sheets of rat skin were cut to appropriate sizes (~ 1 cm 2 ) in round-shape.
The membrane was then placed between the two compartments of the diffusion cells with epidermis side facing the donor compartment while the dermal side bathed with the receptor fluid. Then same methodology was adopted as narrated in above section, i.e. in vitro diffusion studies through silicon membrane. Then, factor of difference (FoD) of permeation studies of flurbiprofen gel across rat skin vs. silicone membrane was determined.
Application of response surface methodology (RSM)
Stat-Ease design Expert®, version 7.0.3, was used to produce and assess the statistical experimental design and construct a design matrix. This computer optimization technique (Table 3 ) based on response surface methodology (RSM) utilizing polynomial equation was used to determine the optimal gel formulation and quantify the influences of formulation variables on the drug permeation. A central composite design (CCD) considering α equal to two was employed as per standard protocol. The amount of PG and PEG was selected as the factors, studied at five levels each. The central point (0, 0) was studied in quintuplicate. All other formulation and process variables were kept invariant throughout the study.
Solubility studies
Pure flurbiprofen in excess amount was added in separate glass bottles containing 5 mL of two solvents i.e. methanol and distilled water. These mixtures were stirred in a thermostatically controlled stirrer at a constant temperature of 37 o C ± 1 for 48 h. The mixtures were then centrifuged at 13,000 rpm for 15 min and supernatant aliquot was taken out by a pipette and analyzed using UV-spectrophotometer at 247 nm to determine the concentration in µg/mL.
Evaluation of partition coefficient
A small amount of flurbiprofen was dissolved in 0.1 N methanolic sodium hydroxide and mixed with equal amount of octanol in a separating funnel. The mixture was shaken vigorously for 10 min and left to stand for about 12 h. The separated layers were collected in test tubes and analyzed using UV spectrophotometer at 247 nm and then the octanol/water ratio was computed. Each experiment was carried out in triplicate.
Assessment of physical properties
The appearance and other physical properties, including clarity and precipitation of the prepared gels were inspected. Viscosity was determined by using Brookfield viscometer (Model RVTDV II, Brookfield Engineering Laboratories, Inc, Stoughton, MA). Viscosity measurements were carried out at room temperature (25 -27 °C). The pH of the prepared lotions was measured at 25 ± 0.5 °C using Digital pH meter (WTW, pH 526 Germany).
Spreadability was estimated by wooden block and glass slide apparatus [9] . Flubiprofen gel weighing about 20 g were added to the sterile pan and the time for upper slide (movable) to separate completely from the fixed slide was accurately noted. Spreadability was calculated as in Eq 1.
S = M.L/T …………………………… (1)
where S = spreadability, M = weight moved to upper slide, L = length of glass slide, and T = time taken to separate the slide completely from each other.
The evaluation of consistency of the gels was done by dropping a cone attached to a holding rod from a fixed distance of 10 cm in other way that it should fall down on the centre of the glass cup was filled with the gel. The penetration by the cone was accurately measured from the surface of the gel to the tip of the cone inside of the gel. The distance traveled by cone in the period was noted down after 10 s.
A proforma containing six questions was prepared and given to each volunteer (total of eleven volunteers) for sensory evaluation of the optimized gel G 4 and average points were calculated from the responses (scoring was from -4 to +4 indicating very bad to excellent respectively) by each volunteer for each question.
Determination of drug content
A specified quantity (100 mg) of gel was dissolved in 100 mL of phosphate buffer of pH 6.8. The volumetric flask containing gel solution was shaken for the period 2 h on mechanical shaker in order to get absolute solubility of drug. This solution was filtered and estimated spectrophotometrically at 247 nm using phosphate buffer (pH 6.8) as blank. 
Primary skin irritation test
Primary test for irritation (Draize's skin irritation test) [10] was performed on human volunteers [9] . For the optimized gel G 3 , eleven volunteers were selected and small amount of formulated gel was applied on an area of 2 square inch to the back of hand. The volunteers were observed for lesions or irritation.
Stability studies
Stability studies were performed on the optimized gel G3. The formulations were packed in collapsible aluminum tubes (5 g) and subjected to stability studies at 25 °C/60 % RH and 40 °C/75 % RH for a period of three months. Samples were withdrawn after specified time and evaluated for physical appearance, rheological properties and chemical assay.
Statistical analysis
Microsoft Excel, version 2007, was used to carry out statistical data analysis including calculation of mean and standard deviation. Statistically significant differences, among various parameters of 13 different formulations, were determined using the regression analysis and analysis of variance (ANOVA) with p < 0.05 as a minimal level of significance.
RESULTS

Solubility of flurbiprofen
The solubility of flurbiprofen in water was 0.01 ± 0.01 mg/mL, in methanol 69.20 ± 0.01 mg/mL, in normal saline 0.27 ± 0.01 mg/mL, in PBS 17.62 ± 0.03 mg/ml, in PBS mixed with methanol 61.71 ± 0.15 mg/ml while in mixture of methanol and water (2:1), solubility was 72.15 ± 0.02 mg/ml.
Partition coefficient
Partition coefficient (K o/w ), expressed as log P, was 3.68 ± 0.11, compared with a previously reported value of log P = 3.80 [20] .
Physical properties
The appearance and other physical properties including clarity, precipitation and homogeneity of the prepared gels were observed and all the prepared gels were found homogenous, white crystalline and transparent. Viscosity, pH, spreadability, consistency and drug contents values of the flurbiprofen gels were measured and found as shown in Table 5 .
Skin irritation
Primary skin irritation test was performed for optimized gel G 3 on 11 volunteers and found no irritation or lesions (erythma, redness and ulceration) over a 30-day.
Stability of gel
For stability testing, the optimized flurbiprofen gel G 3 was stored for three months as per ICH norms at 25 ± 1 °C, 60 % RH and 40 ± 1 °C, 75 % RH and analyzed for change in their appearance (white, crystalline and transparent), pH and drug content. According to results, there was non-significant (p > 0.05) change in pH and drug contents of stored formulations. In addition, no change was observed in appearance of the stored formulations.
In vitro diffusion of flurbiprofen through silicon membrane
The cumulative amount of flurbiprofen diffused from its gel formulations (G 1 to G 13 ) through silicon membrane is presented in Table 6 . 
Effect of enhancers on dependent variables
A positive sign of coefficient indicate a synergistic effect whereas a negative sign indicate an antagonistic effect upon response ( Figure 2 
DISCUSSION
The stratum corneum (SC) of mammalian skin acts as selectively permeable membrane. It allows the diffusion of lipid molecules through spaces present among keratinocytes [10] . The lipid intercellular materials are dissolvable using suitable chemicals substances such as PG and PEG which are documented as excellent permeation enhancers [9] . These enhancers are found to promote drug permeation in concentration-dependent mode, i.e. permeation was influenced by the concentration of PG and PEG-1000. It means that the rate of permeation through rat skin occurred as per Fickian diffusion law. This increase in drug permeation with increased enhancer amounts might be due to some effect of enhancers on the skin which was described above. Moreover, drug permeation enhancement effect of PG is further improved by adding increasing concentration of PEG. It shows These results are in accordance with our previously published findings [9, 11] .
CONCLUSION
PG and PEG are effective enhancers of flurbiprofen penetration from the various formulations. It seems that experimental outcomes that enhance the effect of PG and PEG are not only due to the changing solubility of these formulations in the solvent system, but also due to the transport rate of the permeant (flurbiprofen) mostly by diffusion.
